A B S T R A C T Characterization of the temporal evolution of resting segmental function and inotropic reserve after coronary occlusion may be important in evaluating attempts to salvage ischemic but nonnecrotic myocardium. Accordingly, we chronically implanted up to six pairs of pulse-transit piezoelectric crystals in the left ventricular myocardium of dogs to measure segmental wall thickness. Segments were separated into groups according to the loss of net systolic thickening (NET) at 5 min postocclusion of the left anterior descending coronary artery in awake, unsedated dogs. Group 1 included segments with NET values of 67-100+ (percent control); group 2 between 67 and 0; and group 3 <0 (paradoxical motion). 5 min after coronary occlusion, group 1 NET was 92+5% (SEM) although significant decreases occurred in NET in group 2 (36±4%) and group 3 segments (-33±5%). Between 5 min and 24 h after coronary occlusion, no further significant changes occurred in NET in groups 1, 2, and 3 crystals. Some segments underwent further functional deterioration between 24 h and 1 wk after left anterior descending coronary artery occlusion, although no overall change occurred in segments with mild to moderate ischemic dysfunction. Segments with NET <0 at 24 h, on the other hand, exhibited a reduction in aneurysmal bulging between 24 h and 1 wk from -41±10 to -23±11% (n = 12, P = 0.02).
Inotropic reserve was assessed with postextrasystolic potentiation (PESP) in 14 dogs, and with infusions of dopamine (11 dogs) , and isoproterenol (13 dogs) . PESP was the most potent intervention and produced a significant augmentation in NET in group 2 crystals at 1, 2, 4, 6, 8, and 24 h after coronary occlusion but only at 1 and 2 h in NET in group 3 crystals. INTRODUCTION The extent of a myocardial infarction is an important predictor of subsequent morbidity, mortality, and residual left ventricular function in patients (1) (2) (3) (4) . Current evidence suggests that a zone of jeopardized myocardium coexists with a region of central infarction (5) and that infarct extension into the jeopardized zone may be relatively common in patients (4) (5) (6) (7) . Realistic expectations for the development of effective means of reducing the extent of ischemic ventricular dysfunction depend on the existence of zones of nonirreversibly injured myocardium with the potential for some degree of functional recovery and/or the reduction of aneurysmal systolic expansion of infarcted zones (8) .
Histochemical (9) , metabolic (10) , electrocardiographic (11) (12) (13) (14) , rheological (15, 16) , enzymatic (6) , scintigraphic (17) , and histologic (18) studies of jeopardized zones of myocardium have been carried out in experimental animals. However, the relationship between these parameters of ischemic injury and the segmental contractile properties of ventricular myocardium is unresolved.
The detrimental effects of ischemia on regional left ventricular contractile function have been appreciated by investigators for many years. However, important questions remain unanswered. Thus, the present study was undertaken in order to examine the segmental functional characteristics of ischemic myocardium and specifically to answer the following questions: (a) How does segmental function vary within and around ischemic areas of the left ventricle? (b) Do segments with differing degrees of ischemic dysfunction early after proximal occlusion of the left anterior descending coronary artery (LAD)1 undergo subsequent changes in resting function over a 1-wk 24 h after coronary occlusion?
To measure segmental ventricular function, we used ultrasonic pulse-transit piezoelectric crystals chronically implanted in the left ventricles of dogs (19, 20) . Piezoelectric crystals used in this manner have been shown to be accurate, precise, relatively free of drift, easily calbrated, and to have a minimal effect on surrounding myocardium (20) .
Assessment of latent segmental contractile reserve was achieved with three interventions. These interventions included postextrasystolic potentiation (21) (22) (23) and infusions of dopamine (24) (25) (26) (27) and isoproterenol (28) (29) (30) (31) (32) inserted into the left atrium for pressure monitoring. The LAD was carefully dissected free of the epicardium, and a balloon occluder device placed around its proximal portion. In each of the animals studied, inflation of the balloon produced a temporary area of cyanotic myocardium over the anterior left ventricle. 5 M Hz titanate-zirconate piezoelectric crystals 3-5 mm in diameter were then inserted through the myocardial wall and positioned near the endocardium. The endocardial crystal was paired with a second crystal sutured to the epicardium after its position had been adjusted to obtain an optimal signal by the method of Franklin et al. (19, 20) . Ordinarily, five to six pairs of such crystals were inserted in or near the cyanotic region and one pair of crystals was ' Abbreviations used in this paper: EDWTH, end-diastolic wall thickness; LAD, left anterior descending coronary artery; LV, left ventricular; NET, net systolic thickening; PESP, postextrasystolic potentiationi.
inserted in the lateral portion of the left ventricle (Fig. 1) . After pacing wires were attached to the right ventricle, the various catheters and wires were exteriorized between the scapulae and the incision was closed. Subsequently, the animals were studied at a time when they appeared to be fully recovered from the instrumentation surgery and free of infection. Internal jugular and carotid arterial catheters were placed 24 h before the beginning of the study under light anesthesia.
Left atrial and carotid artery pressures were measured with Statham P23 Db transducers (Statham Instruments Div. Gould, Inc., Oxnard Calif.). The maximum rate of rise of the left ventricular pressure (peak LV dP/dt) was recorded in millimeters of mercury per second from the micromanometer tipped catheters using an Electronics for Medicine RC differentiator (Electronics for Medicine, Inc., White Plains, N. Y.). Data from wall thickness crystals and LV pressures were recorded on a Hewlett-Packard 8-channel recorder (7758A) (Hewlett-Packard Co., Palo Alto, Calif.) interfaced with a Tektronix (465) oscilloscope (Tektronics, Inc., Beaverton, Oreg.).
Aortic systolic and diastolic, LV, and left atrial mean pressures were measured in milliliters of mercury. Segmental LV wall thickness was measured in millimeters assuming the speed of sound through myocardium to be 1.5 mm/,s (20) . To correct for the variable initial separation of crystal pairs, measurements of wall thickness were expressed in terms of percent of control values. The data from the piezoelectric crystals were digitized by hand with a Graf/Pen (Science Accessories Corp., Southport, Conn.) and stored and processed by computer (DEC System-10, Digital Equipment Corp., Maynard, Mass.).
Three measurements were taken from the wall thickness data from which four parameters of wall motion were derived (Fig. 2) . Diastolic wall thickness (point A, Fig. 2 (33, 34) . Accordingly in such cases, wall thinning was not defined as paradoxical unless it persisted throughout at least 50% of the systolic period. The parameter, net systolic thickening (NET) (B-A or C-A, Fig. 2 20-30 V) . Pulses were delivered at the shortest R-stimulus interval at which ventricular capture and a compensatory pauise occurred. The stimulus was delivered near the peak or on the downstroke of the T wave and resulted in maximal postextrasystolic potentiation, consistent with the experience of others (21). 8-10 pulses were delivered at each time period with three to four intervening normal sinus beats, and the postextrasystolic responses measured and averaged.
In a second group of dogs (nt = 11), dopamine was admiiinistered with a Harvard infusion pump (Harvard Apparatus Co.) at 5, 10, and 20 ,g/kg per min for 5 min at each rate.
In a third group of dogs (n = 13), isoproterenol was infused for 2 min at 7, 14, and 27 ug/min. Infusions were intentionally limited to 2 min at each speed to avoid extreme elevations in heart rate and the secondary depression in myocardial performance known to occur in ischemic myocardium with longer infusion times (27) (28) (29) (30) (31) (32) .
At the conclusion of each study, the animal was sacrificed and the occluding balloon examined. In each case the balloon was noted to be fully and tightly inflated around the proximal LAD. The hearts were then placed in formalin. Fixation was initiated either shortly after sacrifice or within several hours of death in those dogs that died spontaneously. Transmural tissue blocks were obtained from each crystal site to include =0.5 cm of tissue on either side of an imaginary line coinnecting the epicardial and endocardial crystal pairs. The position of the inner crystal was usually found to be located within 1-2 mm of the endocardium. Histologic sections were cut and stained with hematoxylin and eosin. Photomicrographs of each histologic section were taken. The extent of histologic necrosis was then outlined and the total and necrotic areas planimetered. Extent of necrosis was then expressed as a percentage oftotal area and thus varied from 0 to 100. Histologic alterations were evaluated only in dogs not receiving an intervention and surviving between 24 h and 1 wk after LAD occlusion.
Segmental function was correlated with the extent of segmental histologic necrosis (see Fig. 8 ). In this analysis, samples of myocardium were examined from dogs sacrificed at 24 h, at 1 wk, or died spontaneously between 24 h and 1 wk in which autolysis did not interfere with the histologic assessment of necrosis. The study was initiated with 20 dogs, 13 of these survived to 24 h. One dog died shortly, after 24 h postocclusion and supplied four segments of myocardium for segmental histologic-functional analysis. 12 dogs survived for 1 wk postocclusion, 4 of these were sacrificed and supplied seven segments for analysis; the remainder were allowed to survive beyond 1 wk. None of these seven segments demonstrated any significant interval functional change between 24 h and 1 wk postocclusion. The functional and histologic characterization of segments that did deteriorate significantly are discussed separately and illustrated in Fig. 3 . Segments of dogs surviving longer than 1 wk were not used in the histologic-functional correlation. Functional data from this group of 20 dogs are used in the discussion of the functional alterations in dogs not receiving an intervention (Table I) . 31 segments were added to the functional-histologic correlations from an additional series of dogs, instrumented, and studied in a manner identical to those dogs allowed to survive to 1 wk or beyond, but which were uniformly sacrificed at 24 h postocclusion. Thus, a total of 42 segments is correlated with respect to function and histologic necrosis (see Fig. 8 ).
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P. Roan For analysis of segmental function, crystal pairs were assigned to one of three groups. These groups were defined according to the value of the parameter NET, measured as percent control at 5 min after proximal LAD occlusion. The parameter NET was used for grouping the segments because it provided a measure of overall segmental function. Group 1 included segments with NET of -100-67%; group 2 included segments with NET of <67-0%; group 3 contained segments with NET values <0% of the control value for that segment. Thus, three groups were defined which ranged in severity of reduction with LAD occlusion from minimally reduced (group 1) to severely reduced with predominantly paradoxical wall motion (group 3).
For statistical comparisions between resting function and responses to an intervention a paired t test was used. For comparisons between resting hemodynamic and segmental function values at multiple time periods, an analysis of variance for repeated measures was used (35) . When comparisons were between preocclusion control segmental function and later time periods, a one-sample t test was used with an alpha of 0.01 to allow for multiple comparisons. A StudentNewman-Keuls multiple comparisons procedure was used to test differences between groups of segments (36) . A one-way analysis of variance was used to test for differences in responsiveness to an inotropic intervention between time periods (36). Dunnett's test (36) was used for multiple comparisons between control and other mean values. The null hypothesis was rejected when P < 0.05.
"Control" refers to the preocclusion control state; "resting" values were obtained after occlusion and before an intervention period. "Response" or "responsiveness" refers to the difference between a resting and postintervention state for each segment. Responsiveness is expressed as the difference between two percentages, thus in percentage points.
Some dogs died suddenly in the time period between 8 and 24 h postocclusion, or between 24 h and 1 wk postocclusion.
The parenthetic values representing the reduced number of data points constituting each parameter are indicated in Table I .
RESULTS
Segmental function in dogs not receiving an intervention and followed for 1 wk (Table 1) . 20 dogs comprised this group. A resting tachycardia and mild diastolic hypertension were noted in the control state-probably as a result of the stress from an unfamiliar environment and the application of necessary light restraints. Immediately after proximal LAD occlusion, segmental LV function was altered to a variable degree. Group NET (n = 15); those segments retaining between 0 and 50% were placed in group B, and those with <0% (paradoxical) in group C. Between 24 h and 1 wk postocclusion, group A segments did not change significantly; group B segments underwent a functional deterioration from 29±6 to 8±11% (P = 0.04, n = 9), whereas the paradoxical motion of group C decreased from -41±10to -23±11% (P = 0.02, i = 12). Because others (38), using similar techniques, had noted a significant improvement in function over this time period in segments with a moderate degree of ischemic dysfunction similar to our group B, we studied an additional 12 dogs with nine group B segments. In this later series, one of nine group B segments deteriorated compared to six ofnine in our earlier series. Combining these results, it is evident that no significant overall change in function occurs in group B segments between 24 h and 1 wk (P = 0.48). Our later series did confirm, however, the significant reduction in paradoxical motion in group C as well as the lack of significant overall change in group A.
Despite the absence of a significant degree of overall change in groups A and B, some segments do undergo marked functional deterioration, an example of which is seen in Fig. 3 noted a lack of consistent increase in LV end-diastolic pressure or volume after an extrasystole and have suggested that PESP is not dependent on increased preload following a compensatory pause (41, 42) . Dopamine infusion (Figs. 6A-C and 7A-C). Dopamine produced significant increases in NET LV segmental function at each infusion period in group 1 segments (n = 15). Over 24 h there was no significant decrease in the responsiveness of these segments to dopamine; resting function was significantly decreased at 24 h postocclusion (Fig. 7A) . Segments comprising group 2 (n = 17) were reduced to 27+5% of control immediately after LAD occlusion. Infusion of dopamine produced a significant increase in net wall function at 1, 2, 4, and 8 h post-LAD occlusion but not at 24 h. In these segments there also appeared to be a shift in the dose response to dopamine to the right beginning =4 h after proximal LAD occlusion. Responsiveness of group 2 segments to dopamine at 20 ug/kg per min fell from 31 at 1 h to 21 percentage points at 8 h and to 18 percentage points at 24 h postocclusion, but these differences were not statistically different from one another (Fig. 7B) .
Group 3 segments (Fig. 7C) Isoproterenol infusion. For group 1 segments resting function was depressed significantly below control levels between 1 to 3 h post-LAD occlusion. Significant increases in NET occurred at each infusion rate (7, 14 , and 27 pLg/min) at 1, 2, 4, and 6 h postocclusion, and at 7 and 27 jig/min at 8 h. No significant increases occurred at 24 h postocclusion. For group 2, resting function was significantly depressed below control levels at each time period after occlusion (NET = 33±4 at 5 min postocclusion). With isoproterenol infusions, significant increases in NET occurred at each infusion rate at 1, 2, 4, 6, and 8 h but no increase occurred at 24 h. Group 3 NET values were significantly less than control at each time period after LAD occlusion (NET = -36± at 5 min postocclusion). No significant changes occurred in NET with isoproterenol infusions at any time period after LAD occlusion.
Mean and diastolic aortic pressures fell significantly with isoproterenol at 1, 2, 4, 6, and 8 h but not 24 h postocclusion. Left atrial mean pressure rose significantly with occlusion and fell with isoproterenol infusions at 1, 2, 4, 6, and 8 but not 24 h post-LAD occlusion. Similarly, LV dPldt and heart rate increased with isoproterenol infusion with each infusion rate at 1, 2, 4, 6, and 8 h but not 24 h. Because infusion volumes of isoproterenol were small, the lack of a significant response to the drug at 24 h probably reflects inadequate delivery to the animal rather than a large change in the dose-response curve.
In summary, dopamine and isoproterenol produced significant increases in segmental function for the initial 8 h after coronary occlusion in segments from group 2. The magnitude of responsiveness of segments comprising this group did not differ statistically post-LAD occlusion as compared to preocclusion. However, for group 2 segments there did appear to be a tendency toward decreasing responsiveness to dopamine and isoproterenol between 1 and 24 h after LAD occlusion. PESP produced a significant increase in group 2 segments throughout the 24 h period after LAD occlusion. In group 3 segments, improvement with PESP and dopamine was transient and appeared to be lost after 2 h postocclusion. Group 3 segments were unresponsive to isoproterenol at all times after LAD occlusion.
Histologic correlates (Fig. 8) . In those dogs not receiving an intervention, LV segmental function, expressed as NET (percent control) at 24 h postocclusion was inversely related to the extent of segmental myocardial necrosis (r = 0.73, n = 42, P < 0.00001). The y-intercept for the least squares linear fit to the data is 49.7, suggesting that in this model NET function in the ischemic region at 24 h after coronary occlusion is reduced, on the average, by 50% in the absence ofany necrosis. Histologic examination of group B segments revealed that those segments which improved between 24 h and 1 wk postocclusion were generally involved by patchy subendocardial necrosis involving <25% of total segment area, whereas those segments with late deterioration had more extensive necrosis with epicardial involvement.
DISCUSSION
Intensive efforts have been made over the last several years to develop pharmacologic (43, 44) (49) . Relatively little is known, however, about the temporal evolution of segmental inotropic reserve after experimental myocardial infarction in the awake, unsedated dog. Therefore, in the present study, we have characterized the segmental LV functional properties of ischemic myocardium in both a resting state and after the serial administration of three inotropic interventions.
In this study, LV systolic wall thickness alterations after acute myocardial infarction were measured to quantitate segmental contractile function. The extent of systolic LV wall thickening is known to be a useful 0 z 100. -r-and accurate measure of regional LV function (37, 50, 51) . Because myocardial ischemia tends to be most severe in subendocardial regions (52) , the measurement of epicardial or endocardial segment length may over-or underestimate regional transmural wall function depending on the distance from the subendocardium that segment length is measured. Downey (53) noted an earlier loss of contractile force in deep layers of the myocardial wall with progressive reductions in LAD flow. The data of Stowe et al. (54) suggest that wall thickness measurements may be sensitive to ischemic dysfunction with moderate reductions in LAD flow as wall thickness was found to decrease proportionately more than mid-wall segment length or calculated segmental stroke work. Recently, Gallagher et al. (55) found an increased subendocardial functional loss compared with that in the subepicardium during graded coronary artery occlusion. On the other hand, Sasayama et al. (56) have noted qualitatively and quantitatively similar changes in ischemic segmental dysfunction by measuring segmental length vs. segmental wall thickness alterations during chronic ischemia in the conscious dog. Measurement of wall thickness quantitates transmural segmental contractile function more directly than epicardial strain gauges which may be relatively insensitive to subendocardial ischemia. The physical characteristics of ventricular myocardium are complex and, in this model of experimental regional ischemia, heterogeneous. Thus, it is not possible to precisely quantitate the degree of influence that neighboring areas of myocardium may exert on the amount of systolic thickening or thinning recorded between individual pairs of crystals. However, piezoelectric crystals of the type used in this study are directional and imbedded in the LV wall where they are able to move freely without exerting tension on neighboring areas of myocardium. This method of measuring regional ventricular function can be expected to be more selective than length or strain gauges sutured to the epicardium. Lateral displacement of crystal pairs by shear forces might result in an overestimation of wall thickness; recent evidence suggests, however, that the magnitude of such shifts is minor (57) . Epicardial electrocardiogram mapping techniques are sensitive to directional changes in epicardial ischemia, although they are relatively insensitive to subendocardial ischemia. Further, shifts in the magnitude of ST-segment elevations are influenced by a variety of factors other than ischemia (11, 12) and provide only an indirect measure of segmental function.
It is evident from an examination of Table I that the majority of segmental functional impairment that occurs with coronary occlusion in our model develops within 5 min. In addition, after LAD occlusion, no significant further change occurs in segmental function between 5 min and 24 h postocclusion. These results are consistent with those of other investigators using similar methodology (38) . However, some segments of myocardium with mild (group A) to moderate (group B) degrees of ischemic dysfunction demonstrated further functional deterioration between 24 h and 1 wk postocclusion (Fig. 3) . This deterioration occurred in the absence of a statistically significant overall functional change in group A or B. In contrast, those segments with predominantly paradoxical systolic wall thinning (group C) demonstrated an apparent improvement in function from -41±10% to -23±11% (P = 0.02) and a lesser incidence of deterioration. This apparent improvement probably represents decreased regional wall compliance with progressive stiffening of aneurysmal segments (39, 58) as a result of inflammatory cellular infiltration and edema; a partial recovery of contractile function is less likely (38) . This conclusion is supported by the finding ofa concomitant increase in EDWTH in these segments.
The hemodynamic alterations that occurred, pari passu, with proximal LAD occlusion and the production of segmental ventricular dysfunction consisted of elevations in left atrial mean pressure and heart rate with a reduction of LV dPldt and, after 8 h of occlusion, of aortic systolic, diastolic, and mean pressures (Table  I) . At (59) or regional function (60) . In addition, the absence of a significant overall functional deterioration in group A or B and an apparent improvement in function in group C segments between 24 h and 1 wk postocclusion argue against relative hypotension or tachycardia playing a major role in the observed deterioration of some group A or B segments. It should also be emphasized that functional alterations in group A and B segments between 24 h and 1 wk after proximal LAD occlusion are variable with some crystals deteriorating, whereas others improve or remain unchanged. Although such deterioration presumably occurs as a result of an extension or expansion of the ischemic process (6, 7, (61) (62) (63) , additional work will be necessary to document precise mechanism(s) involved in the varied functional alterations occurring at these sites.
The findings ofthe present study differ from those of earlier work (38) in several ways. In an earlier study, an improvement in the segmental function of marginally ischemic areas between 24 h and 1 wk after occlusion of the circumflex coronary artery was found (38) . Our contrasting finding of a variable response with deterioration in at least some segments within such regions may be a result of differences in the manner in which groups of segments were defined or of a possible increased sensitivity of the measurement of wall thickness to ischemic functional alterations. Gross infarct size was not measured in either study, but the occurrence of a significant increase in left atrial mean pressure and a significant decrease in peak LV dP/dt after coronary occlusion suggest more severe LV dysfunction in the present study in comparison to earlier work (38) in which these changes were not seen. Heart rate at 1 wk was also higher (126±+9) in our study than in the earlier study ( PESP may be a result of an augmentation in slowchannel calcium entry (66) , an increase in calcium release from the sarcoplasmic reticulum (67, 68) or a compensatory pause following the premature stimulus (41) . PESP has been demonstrated in both normal and ischemic myocardium (69) and provokes a nearly maximal contractile response in isolated, isometrically contracting papillary muscles (70) . In the present study, segments with resting function reduced to between 0 and 67% of control (mean 29+6% at 5 min postocclusion) were able, with PESP, to double the extent of systolic wall thickening at 1, 2, 4, 6, 8, and 24 h postocclusion (Figs. 4 and 5) . The absolute magnitude of the postextrasystolic response was similar to that of the relatively nonischemic group 1 segments. Responses seen after coronary occlusion did not differ significantly from pre-occlusion values for either group 1 or 2 segments. These results are comparable to observations made in patients with ischemic heart disease during ventriculography (40) . In segments of myocardium with paradoxical systolic thinning of the LV wall, PESP produced a significant improvement in function at 1 and 2 h but not at 4, 6, 8, or 24 h postocclusion. Sueur and Urschel (23) showed in isolated perfused isovolumic canine hearts that continuous paired pacing under ischemic conditions resulted in a rapid decrease in responsiveness after 1 min of stimulation. Cessation of stimulation was associated with a further depression of ventricular function. In the present study, not only was PESP delivered intermittently with a minimum of 1 h between intervention periods, but pacing was not continuous, given rather no more often than every fourth beat. Therefore, it is unlikely that the loss of response after 2 h in the segments with severe functional depression resulted from a marked increase in myocardial oxygen consumption produced by PESP itself.
Crozatier et al. (71) quantified PESP for 2 h postocclusion in ischemic segments of myocardium with techniques similar to those of the present study. These authors noted a large amount of PESP in marginal segments through 2 h but a loss of PESP in areas with paradoxical motion after only 3 min, whereas in our study responses were seen for 2 h postocclusion (Figs. 4 and 5 ). In this latter study (71) , however, premature stimuli were not coupled in a constant manner to the preceding sinus beat. Because the amount of PESP varies directly with the prematurity of the stimulus (21), it is possible that some degree of PESP may have been missed in the latter study (71) .
Dopamine enhances myocardial contractility and increases stroke volume and cardiac output. It produces mesenteric and renal vasodilation by action on a dopamine receptor, but at larger doses a pressor response occurs (25) . Dopamine enhanced LV segmental contractile function as measured by an increase in NET in LV segments reduced to 0-67% of control at 1, 2 and 4 h postocclusion but not consistently at 6, 8, or 24 h despite large increases in LV dP/dt (Figs. 6A-C and 7A-C). Those segments with paradoxical motion showed a significant improvement with dopamine infusion only at 2 h postocclusion. Those segments retaining >67% of control net function (group 1) improved significantly during all infusion periods but did fail to respond to 5 gtg/kg per min after occlusion (Fig. 7A) .
Isoproterenol is known to produce an improvement in the contractile state of the heart (28-30) but at the expense of increased lactate production (72) and epicardial ST elevation (27, 44) . Isoproterenol significantly enhanced the function of segments reduced to 0-67% of control at 1, 2,4,6, and 8, but not at 24 h postocclusion. Isoproterenol did not significantly modify the function of those segments with paradoxical systolic wall thinning at any time after LAD occlusion. It produced marked increases in heart rate and LV dPlct but lowered aortic diastolic pressure. Others (27) (77, 78) and emphasize the need for both a functional and morphologic evaluations of interventions designed to protect ischemic myocardium.
The data obtained in the present study lend support to the concept that there are areas of functionally depressed myocardium with at least the potential for a return to a more nearly normal contractile state if an appropriately timed protective intervention were administered. Although the findings of the present study confirm the presence of functional "border" or "jeopardized" regions for 24 h to 1 wk after experimental coronary occlusion, the data do not allow one to determine the size of such zones or the pathophysiologic basis for the observed functional abnormalities. Functional deficits observed in border zones may be a result of an intermediate reduction in coronary perfusion with a resultant decrement in performance (79, 80) or the result of a loss in numbers of contractile units with the functioning myocytes retaining normal levels of coronary perfusion, thus implying a sharply defined border zone between normal and necrotic tissue (15, 49) . Further studies are necessary to clarify these issues and to quantify the relative size of such functionally depressed areas following coronary occlusion.
In summary, the present study has (a) delineated the variable segmental functional responses that occur in ischemic myocardium after proximal LAD occlusion over a 1-wk period in the awake, unsedated dog; (b) identified segments of myocardium that undergo progressive functional deterioration between 24 h and 1 wk postocclusion; (c) quantitated the temporal alterations in inotropic reserve of segments of myocardium with varying degrees of functional impairment over a 24-h period; and (d) characterized a general relationship between segmental histologic alterations and the corresponding degree of functional impairment while emphasizing that severe functional depression may exist in the absence of extensive necrosis. Future characterization of the ability of various interventions of "protect" ischemic myocardium should ideally also include an assessment of the preservation of regional ventricular function.
